Objective: To identify variables that predict mortality in geriatric patients with trauma.
INTRODUCTION
Traumatic injuries are the fifth most common cause of death in elderly patients (age .65). [1] [2] [3] Management and care of the injured geriatric patient is challenging because morbidity and mortality are higher in elderly patients compared with younger patient populations. The explanation for this is multifactorial and includes the patient's age, comorbid conditions, and loss of physiologic reserve. Some authors have recommended age alone as a triage to a higher level of care. 4, 5 Others have sought to establish a relationship between patient characteristics and outcomes for geriatric patients with trauma. [6] [7] [8] Multiple scoring systems have been used to predict survival after geriatric trauma. 9 To date, no measures have been validated in the geriatric population, and institutions often base initial treatment decisions on the gestalt of the admitting team or institutionally based triage systems. 10 Elderly individuals may sustain high-energy injuries, but low-energy injuries (eg, ground-level falls) are extremely common often carrying significant morbidity due to the injured patient's baseline health and comorbidities. Konda et al 11 demonstrated significantly more preexisting conditions in patients who sustained a low-energy injury compared with a high-energy cohort. Camilloni et al 12 and Grossman et al 5 discussed the role of medical comorbidities on mortality in geriatric patients with trauma and concluded that the risk for death is highest in patients with more preexisting conditions. Others have shown the importance of frailty when predicting complications. [13] [14] [15] [16] [17] [18] Nonetheless, comorbidities, medication history, activities of daily living, and living situation are not always available at the time of initial evaluation. Hence, patient characteristics readily obtained at the initial assessment may need to serve as a surrogate for estimating the geriatric patient's comorbid conditions.
The purpose of this study was to identify the variables available on initial presentation that best predict morality in an intermediate-risk group of geriatric patients with trauma. We hypothesized that current injury severity indices, designed from younger, high-energy patient cohorts, may not take into account all pertinent variables when assessing the mortality risk and injury burden for geriatric patients.
PATIENTS AND METHODS
An institutional review board-approved, retrospective review of the Trauma Registry was performed to identify all geriatric patients with trauma (age $65 years) who presented to our Level 1 trauma center from 2008 to 2011. Geriatric was defined as age $65 as there is substantial evidence in the literature that worse outcomes are associated with increasing age. 4, 6, [19] [20] [21] [22] [23] [24] A total of 3050 patients aged above 65 years were identified. Of them, 2662 had complete data to calculate the Trauma Score-Injury Severity Score (TRISS). Patients with a predicted probability of survival of 10%-75% based on the TRISS were identified (N = 154). The TRISS was selected after a literature review that supports its use as the international standard for patient classification and assessment of injury severity. 25 We defined the intermediate risk cohort as that group of patients for whom the scoring system could not clearly demonstrate a prediction of survival (ie, a 50:50 mortality). We then performed a comparison of observed mortality with predicted mortality based on the TRISS for our entire geriatric patient cohort. For a TRISS score between 0% and 9.9%, we observed a 67% mortality rate, whereas for a score .75%, we observed a 3.8% mortality rate. By selecting a TRISS range between 10% and 75%, we observed a mortality rate of 47%, which suggests that for patients in this intermediate range, the TRISS may lack the sensitivity to predict mortality. This cohort, with predicted intermediate mortality risk, was selected because treatment decision making is less clear than with patients with severe or minimal injury; therefore, the sensitivity and specificity of the assessment tool is more critical.
The patients were divided into 2 cohorts-survivors and nonsurvivors-for analysis. Age, mechanism of injury, laboratory values, and vital signs upon arrival at the trauma center were recorded. Seven patients without complete data on the variables of interest were removed from the analysis, leaving 147 patients for final analysis. Low-energy mechanism of injury was defined as a ground-level fall, whereas high-energy mechanism injuries were the result of motor vehicle accidents, motorcycle crashes, pedestrians struck by motor vehicles, and falls from height. 11 Initial assessment characteristics that were evaluated included temperature, systolic blood pressure, pulse rate, shock index heart rate (HR)/systulic blood pressure (SBP), respiratory rate, Glasgow Coma Scale (GCS) score, base deficit, and hematocrit (HCT). The Injury Severity Score (ISS) and TRISS were calculated for both cohorts.
Statistical Analysis
Descriptive statistics were calculated to examine the characteristics of the sample. T-tests were conducted for comparisons between both groups on continuous variables, x 2 tests for comparisons between both groups on unranked categorical variables with the Fisher exact test where appropriate. Backward stepwise multivariable logistic regression was then performed using a threshold of P = 0.05 to enter and maintain in the model those factors independently associated with the outcome of interest. Continuous variables were assessed with receiver operator characteristic to determine the predictive ability of the TRISS. Statistical analyses were performed using 2-tailed statistical tests deemed significant if P was less than 0.05. Stata version 13 was used to conduct the analysis. 26 
RESULTS
A total of 147 patients met our inclusion criteria and had complete data; of them, 84 (57%) died during the index hospitalization (nonsurvivors) and 63 (43%) survived (survivors). Table 1 lists patient characteristics of the 2 cohorts. There was no difference between the groups for sex (58.7% vs. 54.8% male, P = 0.63). The mean age for nonsurvivors was significantly higher than for survivors (78.6 vs. 76.1 years; P , 0.04). Of note, 72% of nonsurvivors compared with 54% of survivors (P , 0.02) sustained injuries as a result of a low-energy mechanism. Table 2 lists the initial vital signs and laboratory values and their associated significance. GCS was low for all patients in our cohort, but was significantly lower for nonsurvivors compared with survivors (median 3 vs. 6; P , 0.003). Temperature (96.3 vs. 97.2; P = 0.02) and respiratory rate (10.3 vs. 14.4; P = 0.05) were significantly lower for nonsurvivors compared with survivors, whereas nonsurvivors had a significantly higher base deficit (222.4 vs. 210.5; P = 0.04). HCT, blood pressure, and pulse rate were not significantly different. Models including shock index (HR/SBP), as well as a model with blood pressure and heart rate as separate variables, were analyzed and were not shown to differentiate between survivors and nonsurvivors. Table 3 demonstrates the variables that remained significant after backward elimination of temperature, pulse rate, blood pressure, respiratory rate, base deficit, mechanism of injury, and sex. GCS, HCT, and age are significant independent predictors of mortality (P = 0.021, 0.03, and 0.004, respectively).
The TRISS was predictive of survival (TRISS 0.27 vs. 0.53, P , 0.001), whereas the ISS was the same for nonsurvivors and survivors (ISS 25 vs. 25, P = 0.734). To determine the distinguishing capacity of TRISS to predict survival, a receiver operator curve (Fig. 1 ) was constructed. The area under the curve (AUROC) was 0.67 (95% confidence interval 0.58-0.76; P = 0.0001). A cutoff TRISS value of 0.27 was chosen to maximize specificity (54%) and sensitivity (74%). This suggests that when a random sample is checked, the distinguishing capacity of our AUROC curve for TRISS to predict survival is 0.67, which implies that TRISS has poor discrimination to correctly classify geriatric patients with trauma who are at intermediate risk for survival.
DISCUSSION
The observed mortality rate in this patient cohort was 57%. In the larger cohort of 3050 patients aged above 65 years, the mortality rate was 9.25%. Hashimi et al 27 conducted a systematic review and meta-analysis of 65,897 patients and found an overall mortality rate of 14.8% in geriatric patients (age $65) with trauma. The observed mortality found in the literature when evaluating geriatric patients with trauma ranges from 5.2% to 47.2%. 28, 29 We believe that this subset of patients-given their increased mortality rate-is the ideal group to better delineate those factors that contribute to mortality in geriatric patients with trauma. Although our inclusion range is quite wide, it represents a cohort of patients whose TRISS values corresponded to a significant change in the predictive capacity of the scoring system.
The predictive ability of injury severity indices in the assessment of geriatric patients with trauma is unclear because most indices were created using few geriatric patients with trauma. Mortality rates in patients with trauma aged above 65 years are significantly higher (15%) as compared with those patients aged between 18 and 64 years (6.5%). 30, 31 Yet, in the development and validation of most trauma scores, few patients aged above 50 years were included. 32, 33 Altered physiologic reserve, polypharmacy, and medical comorbidities have also been shown to increase this population's mortality regardless of injury severity, 5, 12 ,34 yet none of these variables are included in existing scoring systems. Anecdotally, these variables are not always available when initially evaluating the geriatric patients with trauma.
A number of scoring systems have been developed in hopes of identifying geriatric patients who have an increased risk of mortality after trauma. 35, 36 The TRISS is the most commonly used score 25 and considers a number of patientrelated factors we found to be significant, but based on the findings of this study, the weighting of each variable may be inadequate and additional injury-specific factors should be considered. The AUROC curve was calculated to be 0.67 for this cohort of patients, demonstrating poor prognostic capabilities of the TRISS. To date, an accurate assessment of the risk of death and complications after injury in the geriatric population has been elusive. Some recommend the use of the Frailty Index or the Charlson Comorbidity Index. 37 Other authors have aimed to develop a geriatric specific model. Gann et al introduced the Geriatric Trauma Survival Score (GTTS) based on a cohort of patients $65 admitted to their institution's trauma service. 35 Their discriminant analysis determined that a patient's outcome was related to 4 variables: ISS, age, and the presence of cardiac or septic complications. Although the GTTS was strongly related to mortality, its clinical utility is difficult to determine. Two of the factorscardiac and septic complications-were important contributors to the GTTS, but are not known at the time of initial evaluation. 35 Hranjec et al 36 generated a geriatric specific model to predict mortality of elderly patients with trauma and established independent predictors of poor outcomes: mechanical ventilation on admission, age, sex, ISS, GCS motor, SBP, and temperature. This model uses variables known at the time of initial evaluation, but fails to account for comorbidities or the frailty of a patient. We believe that mechanism of injury can serve as a surrogate for comorbidities without requiring a detailed survey that may be cumbersome or not available during the initial evaluation.
Mechanism of injury is not considered in any of the existing predictive models. In this patient cohort, an increased proportion of nonsurvivors sustained their injuries through a low-energy mechanism. Of note, 72.6% of the nonsurvivors were injured in a fall, whereas 27.4% of the nonsurvivors died of a high-energy mechanism of injury (P , 0.02). The literature shows differing attitudes on the effects of mechanism of injury on mortality in geriatric patients with trauma. Sampalis et al 38 conducted a retrospective review of 4717 patients aged above 65 years, of which 87.2% were injured in ground-level falls. Being injured in a fall was a strong predictor of mortality with an odds ratio of 5.11 compared with patients who sustained injuries in a motor vehicle crash. Nijboer et al 39 analyzed 191 geriatric patients with trauma and found that in-hospital mortality did not differ significantly based on injury mechanism. Grossman et al found that patients who were injured during a fall had higher survival rates than did patients who experienced a high-energy mechanism of injury (6.7% vs. 9.3% mortality rate, P , 0.001). 5 Konda et al 11 demonstrated that there were significantly more preexisting conditions in patients sustaining a low-energy injury compared with a high-energy cohort. We do not suggest that a lower mechanism of injury results in worse injuries, but instead, mechanism of injury is likely a surrogate for a patient's underlying disease state. This is valuable information as it provides an immediate, yet rudimentary, assessment of a patient's frailty and comorbid conditions. Thus, we advocate for mechanism of injury to be included in any scoring system specific for geriatric patients with trauma. In our cohort, age was found to be significantly different in the survivors versus nonsurvivors. The average age of the nonsurvivors was 78.6, whereas the survivors had an average age of 76.1 (P , 0.04). This is consistent with the existing literature, which shows that increasing age is a risk factor for mortality in geriatric patients with trauma. 27 Multiple authors have shown a two-fold increased odds ratio for mortality in patients with trauma aged above 74 years compared with those aged 65-74 years. 23, 29, [40] [41] [42] Some authors suggest that age alone is a predictor of mortality. 4 Trauma scores should place an increased emphasis on the age of the injured geriatric patient. However, we do not advocate for an age cutoff wherein a certain age reflexively triggers admission to the highest level of care. In our patient cohort, the sample size becomes much smaller with increasing age thus limiting our ability to define an age cutoff that definitively predicts mortality.
GCS scores were also significantly different in the survivors versus nonsurvivors (median 3 vs. 6, P , 0.003). A lower GCS score was predictive of mortality. Multiple authors have shown that decreasing GCS scores are predictive of mortality. 22, 43 GCS is considered in the calculation of the TRISS. After reviewing our results, we recommend maintaining GCS and possibly increasing its weighted significance in the geriatric patients with trauma.
In our assessment of initial vital signs and laboratory values, there was little difference between both groups. Pulse rate, systolic blood pressure, and shock index failed to reach statistical significance. Multiple authors have demonstrated that a systolic blood pressure less than 90 mm Hg increases the risk of mortality by 3-5 times. 5, 23, 29 Berry et al 44 noted that patients with a systolic blood pressure less than 110 mm Hg had an increased mortality by almost 2-fold. Hranjec et al 36 suggest that a systolic blood pressure less than 130 mm Hg in elderly patients should warrant concern. Our data do not support using systolic blood pressure as a predictor of mortality, but this may be due to our sample size. This may be further explained by the significantly increased incidence of head injury in our nonsurvivor cohort (54.9% vs. 27.9%, P , 0.001). In the setting of a head injury, there is typically a rise in the systolic blood pressure with a widening of pulse pressure. In response to the increase in arterial pressure, the heart rate slows. This physiologic response may limit the predictive capacity of pulse rate, systolic blood pressure, and shock index in patients with a head injury. In this study cohort, temperature and respiratory rate were lower for nonsurvivors as compared with survivors, whereas the base deficit was higher in the nonsurvivors. Similar to our study results, Callaway et al 9 discovered that base deficit was an objective parameter in identifying occult shock and predicting mortality in normotensive geriatric patients with trauma. Systolic blood pressure and respiratory rate are the only physiologic measures currently used in the calculation of TRISS. Despite the lack of statistical significance in this study, we believe that physiologic indices should continue to be included in a modified scoring system with their weighting adjusted accordingly.
This study is limited by its retrospective design and the use of an assessment tool-TRISS-that was constructed and validated in a younger patient population with high-energy trauma. The study cohort is small and patients were only evaluated from admission to discharge/death. Therefore, this study is unable to ascertain the subsequent morbidity/ mortality of these at-risk patients. Furthermore, the cohort of patients was primarily male, and the database represents a single institution. These factors may limit the generalizability of our findings. Last, we did not adjust for comorbidities, medication history, institutionalization, and activities of daily living-all variables that have been shown to play a role in predicting inpatient mortality. However, this information is not consistently available at initial presentation. We acknowledge that these variables will generally become available at some point during the patient's hospitalization, and this newly obtained information will be used in making ongoing care decisions. In our institution, we have noted that initial admission level of care decisions (ie, ICU, stepdown, floor) are frequently made with information available on presentation, and the findings in this study may help clinicians with this decision-making process.
We found that the most commonly used injury severity index, TRISS, is calculated with weighting of variables that fails to include significant factors that predict mortality in an at-risk group of geriatric patients with trauma. TRISS is calculated based on physiologic and injury variables including the ISS, systolic blood pressure, respiratory rate, GCS, and patient age. Our data demonstrates that the ISS is a poor predictor of mortality, and systolic blood pressure is a nonstatistically significant predictor of mortality. Respiratory rate, temperature, age, base deficit, GCS, and mechanism of injury were found to be significant independent predictors of survival. On multivariable logistic regression analysis, GCS, HCT, and age were found to be independent predictors of mortality. These findings support the notion that current injury severity indices may be missing key variables and/or the variables are improperly weighted. Physiologic indices are less reliable, but still valuable, in the geriatric population and their weighting should be adjusted accordingly.
CONCLUSIONS
Older age, lower GCS, and a low-energy mechanism of injury are associated with a higher mortality rate in this at-risk geriatric trauma population. These risk factors that are readily obtainable at initial presentation may help care providers in more accurately assessing injury burden and care needs of geriatric patients with trauma.
